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CHAPTER 1. INTRODUCTION 
This study explores the advantages of the of the project management application of 
Theory of Constraints {TOC) on the project development of commercial rollout units and 
thus generalizes the advantage of this implementation to other interior design projects. 
Specifically, this study examines whether TOC scheduling techniques can be applied to the 
design development phase of commercial rollout units to reduce the project development lead 
time and in turn creates an inference on its application in reducing the overall lead time of 
interior design projects. Project development lead time is defined here as the lag time 
between receiving the initial project background data and transferring the processed data to 
the manufacturing team. Overall project lead time is defined as the time elapsed between 
collecting initial background design data to completing the manufacturing. Commercial 
rollout units defined here are multiple kiosk units with the same overall design, finish, and 
components. 
The Problem Statement 
As profit is directly related to overall project lead tjme and meeting the deadline, 
project managers are always under pressure to reduce lead time in different phases of interior 
design projects. Saving project lead time and meeting the deadline is the key decisive factor 
in the generation of profit in a project. Similarly, any saving in the project lead time and 
meeting the deadline will enhance the profit created in the development phase of the project. 
A project schedule represents the timeline of the project phase, indicating the start to 
finish of each task, the overall lead time, and deadline. Over the years project managers, to 
2 
plan and control different phases of interior design projects, have used many project 
scheduling systems. Studies on project scheduling so far indicate that a project planner 
cannot choose a single system of scheduling as a standard. Endeavors by design companies 
to make a single scheduling system as their standard have failed. In fact, design companies 
choose project scheduling approaches based on the size and complexity of a project 
(Burstein, David, and Frank Stasiowski, 1991). 
The scheduling technique created, based on the management theory, Theory of 
Constraints (TOC) claims effectiveness in managing the lead time and thus, increasing 
project profit. However, to my knowledge, it has never been tried in the project development 
phase of interior design. Since it has proved successful in other fields such as manufacturing, 
it may be an effective scheduling tool for interior design project development. 
Today's project planner is concerned with three important objectives while creating a 
project schedule. The first objective is to make the project meet the cost, the second 
objective is to make the project meet the quality standards of the client, and the third is to 
meet the project deadline (Horsley, 1991). Theory of Constraints states that, time is the 
major factor in project scheduling since it can control the profit (A vraham Y. Goldratt 
Institute, 1994). TOC claims, by its scheduling technique, that it can reduce project lead time 
while ensuring quality. 
The "Theory of Constraints" was developed by the Avraham Y. Goldratt Institute in 
the 1980s. While developing a common sense methodological approach to problems and 
improvements associated with global business, the institute developed a series of TOC 
application areas such as project management, distribution, marketing and sales, production 
and the direction of the company (Avraham Y. Goldratt Institute, 1994). Theory of 
3 
Constraints (TOC) suggests a reform in the field of project management by stating that there 
. is a need to address a new type of constraints within the project management process, which 
has not been addressed before by traditional scheduling methods. 
While comparing the TOC scheduling method with the traditional scheduling 
methods, the Goldratt Institute points out three areas of weakness that exist in the latter. 
Based on this comparison we ca,n assume several generalizations about our knowledge 
concerning interior design project development scheduling. 
First, project managers tend to lose focus during the project irrespective of the fact 
that the project has an early start or a late start. A proper control mechanism, which is not 
addressed by traditional techniques, can keep the focus intact (Goldratt, 1997). No studies 
related to an interior design project development schedule were found which addresses the 
comparison based on this aspect. 
Second, are the practices followed by project managers to add and manage safety 
time. (Safety time is the extra time added to the time of a task or overall project lead time to 
take care of the unexpected waste of time and delay.) Theory of Constraints indicates that 
project managers, due to mismanagement of safety time, neither achieve a realistic lead time 
nor reach the goal of actual profit. Mismanagement of safety time creates the phenomenon 
of unpredictable lead time. To conclude, the aspect of safety time management is overlooked 
by past scheduling methods and studies. The theory also indicates that the assumptions used 
for the proper calculation, addition, and usage of safety time is also inadequate (Goldratt, 
1997). No studies were found which attempted to examine the importance of properly 
managing the safety time in an interior design project development schedule. 
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Third, the project schedules using traditional methods are created using cost world 
assumptions, whereas the project schedules using TOC are created based on throughput 
world assumptions. Cost world assumptions are the management assumptions based on 
traditional cost accounting and the throughput world assumptions are based on the 
management assumptions of TOC. In the Theory of Constraints "throughput" is defined as 
the rate at which a system makes money through sales. No studies were found to explore the 
difference in project scheduling using these two assumptions in the context of interior design 
project development schedule. 
Thus for interior design project managers, the question is, whether the use of TOC 
scheduling methods is advantageous over the traditional scheduling methods including 
barchart and CPM. An additional questions would be, can TOC scheduling methods manage 
project focus and safety time more effectively than traditional methods and what would be 
the advantage of shifting from the thinking based on the cost world to that of the throughput 
world? 
The Purpose Statement 
The purpose of this study is to explore whether TOC scheduling technique can be 
applied to the design development phase of two commercial rollout units to reduce the 
project development lead time and in turn create an inference on the technique's application 
in reducing the overall lead time of interior design projects. The study uses a qualitative 
research design resulting in a case study procedure. The case is identified as the design 
development phase of two commercial rollout units managed by the design development 
department of a design company. The study also focuses on the difference emerging when 
concepts based on "throughput world assumptions" (Goldratt 1997, p. 89) are introduced into 
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the field. In the Theory of Constraints "throughput" is defined as the rate at which a system 
makes money through sales ( Goldratt 1992, p. 60). This is not an intervention study as the 
TOC and CPM schedules are not tested on the production line. 
Research Questions 
As a part of the qualitative research design the following general research question is 
identified: How by applying the TOC scheduling methods, the interior design project 
development team can reduce the overall lead time of the project development of the 
commercial roll out units? Based on the general research question, the following sub-
questions were identified: How Theory of Constraints (TOC) can affect a normal interior 
design project development scheduling? How TOC application can bring better time 
management to the existing pattern of the bar chart? How is the bar chart, which 
incorporates TOC application knowledge, different from the standard bar chart? How will 
the reorganized bar chart show a reduction in lead time compared to the bar.chart before 
TOC application? Later, to affirm the external validity of the study, the following question 
was identified: How is the bar chart with the CPM network scheduling application different 
from the bar charts with and without TOC application knowledge? The framework of the 
study is based on the general research question and later the study concludes by addressing 
the research sub-questions. 
Summary 
This chapter introduces the study. The study explores the advantages of the 
implementation of the project management application of the Theory of Constraints (TOC). 
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Since profit is directly related to the project lead time, reducing the project lead time is the 
key decisive factor in profit generation. The scheduling technique created by the theory, 
TOC, claims its effectiveness in reducing the lead time and thus enhancing profit. This study 
explores whether this scheduling technique can be used as a scheduling tool in the field of 
interior design. This chapter also explains the generalizations created after comparing the 
traditional scheduling methods with the TOC scheduling method. The chapter culminates in 
creating a specific purpose statement and research questions associated with it. 
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CHAPTER2.THEORYBASEOFTHESTUDY 
Review of previous studies was conducted as groundwork for this study. It included 
analysis of the key terms, concepts, and theory that apply to this study, which in turn formed 
a theory base for the study. First, the subject of design project scheduling and the different 
tools associated with it were examined. Second, the study concentrated on examining the 
concept of the Theory of Constraints and its project management application. Project 
management application of TOC supports the ''throughput world assumptions" (Goldratt 
1997, p. 89) contrary to traditional "cost world assumptions" (Goldratt 1997, p. 88) while 
explaining the project delays and project measurements. Third, the study focused on the 
method used for creating the TOC project management schedule. 
Project Scheduling 
Project scheduling is an integral part of project planning. Project scheduling is a 
process where the "timing" and "sequence of operations" are scientifically determined for the 
completion ofthe project (Piotrowski, 1992). More than the meaning stated above, the 
meaning of project schedule changes per context. The term project schedule may also 
represent the completion tjme and sequence of activities kept for the completion of a phase of 
the project. Specifically, a project schedule represents a set of tasks arranged in sequence to 
be performed within the given individual time frame to facilitate a timely, qualitative, and 
economical project completion. Project scheduling follows a very scientific mode of process 
(Piotrowski, 1992). 
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Different methods of the project scheduling are well documented because of their 
scientific angle. By incorporating a set of rules, a scheduling method can perform elaborate 
calculations through programming (Piotrowski, 1992). The following steps by Horsley 
explain the general time sequence involved in a scheduling method: towards the beginning of 
the project, the scope of the project is calculated, the scope is priced, and then the duration of 
the project is determined. The team then chooses a tool to do the scheduling (Horsley, 1991). 
A schedule tool will represent detailed planning of work activities and inform the 
critical dates and events to the project team, clients, and consultants. A project scheduling 
tool also helps in project programming, creates an overview to facilitate different approaches, 
and helps in project evaluation. Project progress is represented by a project scheduling tool, 
which helps the project team in setting possible deadlines (Birnberg, 1992). 
Currently, many types of scheduling tools are used to manage a project or phases of 
the project. Piotrowski (1992) indicates that a project planner, based on the characteristics of 
each project chooses the type of tool. For projects with tasks, which have no 
interdependency, a linear schedule or bar chart may be adequate. However, for a project with 
a number of activities and for one, which has a lot of inter-dependencies, a Critical Path 
Method (CPM) schedule will be more appropriate. Any project scheduling tool should 
facilitate a detailed thought process to avoid inefficient and poor sequencing of tasks 
(Piotrowski, 1992). 
Schedules play a key role in every design project management process. So, choosing 
the right scheduling method is very important. Piotrowski indicates that every design project 
needs a schedule. Project scheduling is a part of the control function of a design project 
manager (Piotrowski, 1992). Burstein and Stasiowski discuss the conventions followed by 
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different design firms in the choice of scheduling systems. For many years, different design 
firms have failed in their attempts to take up a single scheduling system as their standard. 
However, design firms can normally narrow their choices because of the shared 
characteristics of the projects usually handled by them. Design firms adopt a type of 
schedule based on certain characteristics of the project they usually face, such as, " ... scope 
of work, number of disciplines involved, number of staff involved, duration of the project, 
amount of fee, and project leadership" (Burstein and Stasiowski, 1991). 
Theory of Constraints 
Luebbe and Finch concisely explain the basics of the Theory of Constraints (TOC) in 
their study. TOC is depicted as a management philosophy built upon a set of assumptions 
and created to provide a "process of ongoing improvement" (p. 1471). One of the pillars 
supporting TOC is built on the assumption that the rate at which the system makes money is 
determined by its constraints. Another pillar is built on the assumption based on TOC's 
definitions of throughput, inventory, and operating expense (Luebbe and Finch, 1992). 
"Inventory" is defined as all the money the system invests in purchasing things that 
the system intends to sell. "Operating expense" is defined as all the money the system 
spends in turning inventory into throughput (Goldratt and Fox 1992, p. 60-61). While 
summarizing the basics of the theory in their study, Luebbe and Finch indicate TOC's 
approach to organizational goal. TOC affirms that the goal of an organization is to make 
money. The above-mentioned definitions of throughput, inventory, and operating expense 
are measures created to support this goal. TOC states that, by increasing throughput and 
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decreasing inventory and operating expenses the organization will achieve the goal of 
making money (Luebbe and Finch, 1992). 
Goldratt explains in his novel, Critical Chain, (Goldratt, 1997) that TOC was 
introduced to the world with three different yet related faces. It was introduced as a new 
management philosophy, as a new research method created to enhance the performance of 
human establishments, and as an application theory to various management areas including 
project management. It questions the "cost world" (p. 88) philosophical assumption that has 
·prevailed since the Industrial Revolution. According to the cost world assumption, total 
improvement of an organization is the sum total of the local improvements. To question this 
assumption, TOC introduced its new philosophical assumption, the ''throughput world" (p. 
89) assumption. According to the throughput world assumption, to assess the total 
improvement of the organization, management has to give more importance to the linkage 
between the local improvements than to the local improvements themselves. In other words, 
TOC indicates that, just by inducing many local improvements, the organization as a whole 
cannot evolve or survive (Goldratt, 1997). 
It is interesting to note that the term "cost world" (~ldratt 1997, p. 88) refers to 
traditional cost accounting and its measurements. Spencer (1994) in his study quotes Umble 
and Srikanth (1990) who use a more traditional text presentation of the TOC system and the 
nature of the conflict with the traditional cost accounting methods. While supporting the 
throughput world assumptions in their study, Umble and Srikanth (1990) state that traditional 
cost accounting measurements are not sufficient enough to evaluate operating and investment 
decisions of a company. They also state that traditional cost methods pollute the functional 
areas such as purchasing, engineering, and marketing (Umble and Srikanth 1990 cited in 
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Spencer 1994). They conclude, while presenting the throughput world measurements, by 
saying, "It is time to consider a new approach, one that can properly evaluate the effect of 
managerial actions on the productivity and profitability of the entire firm" (p. 301). 
To facilitate the above mentioned new approach and thus the change, TOC puts 
forward three basic questions (Goldratt 1990, p. 7-8). 
1. "What to change?" which refers to detecting the core problem; 
2. "What to change to?" which refers to finding a solution; and, 
3. "How to cause the change?" which refers to formulating the implementation plan. 
Based on the three questions and the role the constraints play in a system, TOC 
devised a process called ''the process of ongoing improvement" (p. 95). TOC states that 
constraints play a significant role in a system's overall performance towards achieving its 
goal. There are physical constraints and policy constraints. TOC states that the goal of an 
organization is to make money and a constraint is defined as something, which limits that 
organization from achieving its goal. Thus, the "process of ongoing improvement" occurs in 
the following steps (Goldratt 1997, p. 92-95): 
1. "Identify the system's constraints." 
2. "Exploit the system's constraints." This refers to bringing out maximum capacity 
out of a constraint, or strengthening the constraint, or replacing a constraint. 
3. "Subordinate everything to the above decision." This refers to all the decisions 
made in a process based on TOC that will originate from the second step. For 
example, in the case of a design company if a bottleneck computer work center 
can process only two animation drawings, the preceding non-bottleneck work 
center need not feed the bottleneck with excess drawings. 
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4. "Elevate system's constraints." This refers to elevating the capacity of a 
bottleneck resource by some method, since, according to TOC, the speed of the 
system is determined by the speed of the bottleneck (constraint). 
5. "After the identified constraints are not constraints anymore go back to step one 
to avoid inertia (blockage of project flow)." 
The Theory of Constraints (TOC) is divided into three parts. The three parts as 
described by the institute are (A vraham Y. Goldratt Institute 1994, front page): 
1. A set of problem-solving-tools called the TOG Thinking Processes (TP) - to 
logically and systematically answer the three questions essential to any process of 
on-going improvement: "What to change?", "To what to change to?" and "How to 
cause the change?"; 
2. A set of daily management tools - taken from the TOC Thinking Processes, that 
can be used to significantly improve vital management skills, such as 
communication, effecting change, team building, and empowerment; and, 
3. Innovative, proven solutions created by applying the TOC Thinking Processes to 
specific application areas, such as Production, Distribution, Marketing and Sales, 
Project Management, and Setting The Direction ofThe Company. 
This thesis deals with one aspect of the third part, project management application of 
TOC thinking processes. 
TOC's Project Management Application 
TOC' s project management application recognizes a need to address a new type of 
constraint within the project management process, which has not been addressed before. 
TOC challenges the traditional approach to project management by challenging ''the concept 
of Critical Path" (Avraham Y Goldratt Institute, 1994). 
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Traditional Project scheduling Concepts and TOC's Project Management Application 
Critical path schedules (network analysis system) and bar chart schedules (time-
scaled system) are the most commonly and traditionally used scheduling methods by project 
managers (Lock, 1996). According to Lock, bar charts are excellent visual aids and easy to 
understand, whereas the critical path schedules are poor visual aids and difficult to 
understand. Also bar chart schedules are drawn to scale and critical path schedules are not. 
On the contrary, critical path schedules are more powerful in showing "logical 
interdependencies" (p. 141) between tasks and "degree ofcriticality"(p. 141) of tasks. Bar 
charts are weak in showing the constraints between tasks but are powerful .in resource 
scheduling, whereas critical path schedules are weak in resource scheduling (Lock, 1996). 
TOC scheduling method combines the positive aspects of both critical path schedules and bar 
chart schedules. TOC relates itself with bar charts in its visual format and adapts the simple 
format of bar chart in doing the schedul~. However, TOC finds conceptual similarity with 
both critical path schedules and bar chart schedules. 
The critical path schedule is planned based on the concept of critical path. Theory of 
Constraints argues that, in a project, the key factor is the overall lead time from start to finish 
of the project. (Lead time is the time elapsed between the beginning of the first task to end of 
the last task in a project). TOC also states that the overall lead time is directly affected by 
project layout (the arrow diagram in critical path's case) and also by the non-availability of 
resources. However, the critical path concept only considers project layout as the key factor 
in determining the critical path. Whereas for TOC, the availability of resources is also 
equally important (Avraham Y. Goldratt Institute, 1994). 
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TOC's Project Management Application: An Example Illustrating Key Terms and 
Concepts 
The analogy example below is taken from management novels, The Goal and Critical 
Chain. This example is created to help the reader understand the key terms and concepts 
associated with TOC's project management application. In the novel, The Goal, Dr. Goldratt 
compares a troop of Boy Scouts hiking in line to the flow of a manufacturing system. Alex, 
the hero of the novel, on the hike finds out that a boy, who is slow, makes the entire line go 
slow, thus making it extend indefinitely. Thus, in the novel, Dr. Goldratt creates an analogy 
that relates the slow boy to a constraint and the entire troop to the flow of a manufacturing 
system. He calls it the troop analogy (Goldratt and Cox, 1992). 
In his novel, Critical Chain, Dr. Goldratt connects the project process to the flow of a 
manufacturing system based on the troop analogy and makes the following comparison 
between a project process and a troop walking a trail on line (Goldratt, 1997): 
1. Project lead time is analogous to the time taken between the first person in the 
line passing a particular point and the last person in the troop passing through 
same point. Too long a lead time also represents throughput loss. 
2. A set of tasks that constitutes lead time is analogous to the individuals in the line 
of the troop who walk the trail. 
3. First task on the project chain is analogous to the first person in the troop who 
walks the trail. 
4. Last task is analogous to the last person in the troop who walks the trail. 
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5. The throughput, the rate at which the system processes its inventory to make 
profit, is analogous to the rate at which the entire troop passes a particular point in 
the hike. Stopping the troop means the loss of the throughput. 
6. The key intention of a project manager is to reduce lead time which is analogous 
to the intention of the hike leader to make each boy walk faster or the entire troop 
to move faster together. Referring back to the differences of the cost world and 
the throughput world philosophies discussed earlier, the analogy of making each 
boy move faster will fit into the cost world philosophical assumption of 
optimizing each resource. In addition, making the entire troop move faster fits the 
throughput world philosophical assumption of improving the throughput of the 
process as a whole. Making each boy walk faster will make the line (lead time) 
spread because the total speed depends upon the slowest boy ( constraint). 
7. In the context of production the space between the scouts in a line represents the 
inventory, but in the case of project management it is the "safety time." "Safety 
time" is introduced into the project schedule to prevent the tasks from bumping 
into one another. Hence a proper routing and an efficient time management will 
help the project process lead time go down. 
8. Operating expense is analogous to the energy the hikers expend. Similarly, the 
operating expense is the money that the system spends to make the task time with 
added safety time, into profit. 
The above example illustrated the key terms involved in TOC's project management 
application. 
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TOC's Project Management Application: Reasons for Project Delays 
If a company does not finish a project on time, it may not receive the expected 
benefits after completion, thus resulting in reduced or lost profit. Delay may also mean the 
loss of market share for many companies. TOC indicates that uncertainties are the major 
cause of project delays. Uncertainties are caused by mismanagement and this phenomenon 
can cause chaos, which may result in efforts to resynchronize and which in tum may ~ause 
delays. So to avoid delays the best thing to do is to manage the projects efficiently (Goldratt, 
1997). 
A proper management of safety time is necessary to avoid delays. TOC indicates that 
due to the uncertainty, project planners usually seem to add a lot of safety time to each task. 
"The higher the uncertainty, the higher will be the added safety" (p. 115). As per TOC, 
project managers also believe that the only way to protect the entire process is to protect the 
completion date of each task. Project managers, in general, do not agree that safety factors 
are added to each task and they believe that the time they estimated is correct. In addition, if 
there are different management levels involved in the time estimating, the safety will 
accumulate. There is also another phenomenon of inflating the safety because project 
managers expect a final cut from the upper management at the. end (Goldratt, 1997). 
According to TOC, normally, there are three mechanisms in which project managers 
add safety unrealistically to a task and hence to a project schedule (Goldratt~ 1997): 
1. The safety factor is added due to the past experience of the project team. The 
calculation of the project lead time is not based on any science but normally based 
on commitments by project teams. 
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2. As the project time line passes through each department, each of them tends to 
add their own safety factor. Usually during project scheduling, the project 
manager asks the person handling the resource to quote a time with safety. Once 
the quote is made, the project manager does not intervene and push to finish it 
fast. 
3. The project estimator also expects a final "global cut" in the time by the 
management. So to protect their estimation they add more "inflated" safety 
features. 
According to TOC, there are also three mechanisms by which project planners waste 
safety in a project schedule (Goldratt 1997, 124-128): 
1. First, the "Student Syndrome"(p. 124): Even if teams have enough time plus 
safety time they tend to start the project late. TOC calls it "student syndrome" (p. 
124) since this phenomenon is common among the student community. In this 
phenomenon, first there will be a fight for safety time and then once enough 
safety time is achieved they wait till the last minute to finish the work. 
2. Second, "Multi-Tasking" (p. 125): It is a phenomenon in which the same person 
or department is assigned many steps of the same project or a particular step of 
the different project. Effects of this phenomenon are devastating since the 
priority system assigns the resources per ''who shouts loudest" (p. 125). 
3. Third, "Dependencies Between Steps"(p. 128): These dependencies are the cause 
for the accumulation of delays and wastage of early finishes. TOC points out that 
delays in a project timeline accumulate, early finishes, or saving of time do not. 
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TOC blames the above mentioned six mechanisms of adding and wasting safety as 
the reason for project delays. According to TOC, once all safety factors are put through and 
these mechanisms are added, safety time exceeds the actual time required to complete the 
project. Also, there is a trend among project planners to cover,up the whole safety time issue 
(Goldratt, 1997). 
TOC's Project Management Application: Project Measurements 
Project measurements are conducted to measure the project progress in a scheduling 
system. TOC points out that two general weaknesses exist in traditional project 
measurements. First, the project progress is measured by comparing the amount of the 
completed tasks to the incomplete tasks. According to TOC, these measurements do not 
differentiate between work done on the critical path and work done on other paths. TOC also 
points out that due to this type of measurement the project manager gets encouragement to 
start the project paths as early as possible and in turn they remain unfocussed. In TOC 
scheduling technique, the work done in the critical path ( called in TOC scheduling method, 
the critical chain) is given the prime priority since it is the constraint. Hence in the TOC 
scheduling method, one criterion to assess the project progress is the progress in the critical 
chain, which can keep the project managers' focus intact. Critical chain is defined as the 
longest path of dependent tasks (Goldratt, 1997). 
Second, TOC indicates, according to traditional measurements, early completion of 
the tasks in one path compensates the delay in another. The measurements indicate that the 
project is in good condition due to the fast paced paths. This means the fast progress in one 
path will cover up the delays in others and shows that the project is a total success. However, 
once all the fast paced paths are completed, the paths with problems will be left behind to 
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indicate meaninglessness of the previously prepared schedule. TOC, to address this problem, 
follows its second criteria for project measurement, the project completion buffer or critical 
chain completion buffer. In TOC scheduling method this buffer is inserted between the end 
date of the critical chain and the project completion date. This buffer is meant to safeguard 
the project completion date from variations in the critical chain. TOC indicates that this 
buffer also acts as a project measurement where the project manager can assess the project 
progress while keeping his or her focus intact (Goldratt, 1997). 
TOC describes two basic principles underlying the creation of the project 
measurements of its project management application (Goldratt, 1997): 
1. Project measurements should influence the components of a schedule to do what 
is beneficial for the system as a whole. On the contrary, the cost world 
assumptions make project managers focus on optimizing the local resources. To 
do that they tend to separately safeguard the performance of each step. 
2. Project measurements should lead the managers to the aspect of the project that 
needs their attention. Which means measurement should help keep the project 
managers' focus intact. In TOC project scheduling method the project completion 
buffer represents project progress. This buffer will keep the project manager 
focussed since this is the only place they need to concentrate. 
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TOC's Project Management Application: Steps and Theory Involved in Creating TOC 
Project Management Schedule 
In his novel, Critical Chain, (1997) Dr. Goldratt gives an explanation on creating the 
TOC project schedule. The theory behind each step in creating the TOC project schedule is 
analogous to the theory behind the steps of TOC's "process of ongoing improvement" (p. 
95). (See page 12 of this thesis for the steps of TOC's "process of ongoing improvement"). 
According to TOC, the throughput of a project is determined by the constraints of the project. 
In the case of manufacturing, a bottleneck is the constraint, but in the case of a project, 
critical chain is the constraint. Critical chain is the longest chain of dependent tasks. The 
first step of the TOC scheduling process is to identify the critical chain, which is analogous 
to TOC's general step of, "Identify the constraint" (Goldratt 1997, p. 153). 
The second step is to exploit the critical chain using Project Buffer and is analogous 
to TOC's step of"exploit the constraints~' (p. 157). In this step of the schedule, capacity of 
the constraint (critical chain) is protected using the project buffer. The total time of the 
project buffer is equal to the sum total of the safety time added to each task. In this step of 
the schedule, project buffer is created by adding up the stripped estimated safety time from 
each task and is inserted between the end of the critical chain and project due date (Goldratt, 
1997). 
The third step is to "subordinate" (p.157) other activities, paths, and resources to the 
critical chain. This step is derived out ofTOC's step of"subordinate everything to the 
decision of exploiting the constraints" (p. 94 ). This subordination is meant to protect the 
critical chain (the constraint) from losing time due to problems occurring elsewhere in the 
schedule. This step is achieved by placing Feeding Buffers (FB) and Resource Buffers (RB) 
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appropriately in the schedule. Feeding Buffers (FB) are inserted where other non-critical 
chain paths join the critical chain path. This is meant to protect the critical chain from delays 
occurring while other non-critical chain paths join the critical chain path. Resource Buffers 
(RB) are placed as early warning signals to avoid delays in the critical chain due to 
unavailability of resources. Resource Buffers (RB) are only placed outside the critical chain 
as a warning mechanism and do not contribute to the total time of the critical chain (Goldratt, 
1997). 
The fourth step is to shorten the lead time of the project, which is created out of 
TOC's step of"elevate the systems' constraints" {p. 94). This step encourages the project 
team to do whatever is necessary to reduce the lead time including contacting the vendors for 
early delivery of goods needed for construction. In TOC, the lead time is represented by the 
critical chain, which is the longest chain of dependent events. The critical chain begins on 
the start date of the project and ends on the start date of the project buffer. (Goldratt, 1997). 
The fifth and final step is to recheck whether the critical chain changed its path and if 
it did, to go back to step one and repeat the steps. This process repeats till the project is 
complete and is analogous to TOC's step of: when the constraints are not constraints 
anymore, go back to step one to avoid "inertia" (Goldratt 1997, p. 94). 
Advantages of TOC Project Scheduling 
The Goldratt Institute points out the following advantages of the implementation of 
TOC project scheduling (Goldratt, 1997): 
In TOC project scheduling, project progress Js assessed by the Project Buffer. This 
buffer constantly reminds the team about project progress and keeps the entire team alert 
all the time. 
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• By the clear display of tasks, all the resources handling the tasks are aware of what they 
are doing and when. It also reduces the complaint that there is discrimination by the 
project manager in allotting tasks to the resources. 
• It clearly determines when to start and finish a project task.and the "student syndrome" 
(p. 124) vanishes. By trimming off time without safety, the project team gets a feeling 
that it doesn't have enough time to finish a task. This perception of the TOC scheduling 
technique deals with the human behavioral aspect of management. 
• TOC project scheduling clearly indicates when each person should handle each task. So 
a resource handling multiple tasks at a time is prevented from jumping from one task to 
another and hence, avoids the phenomenon of "multi-tasking" (p. 125). 
• TOC project scheduling will keep the project team focussed. To accomplish this, the 
team can use Resource Buffer, which gives early warnings to the project team members 
that a task in the critical chain is close. 
• Normally project teams have no idea of how much loss the company may suffer due to 
project delays. However, a TOC schedule can remind them constantly of the loss the 
company can incur due to a delay in the project, which may block cash flow. 
• TOC scheduling method can help project manager get the most accurate and economical 
quote from the vendors and make them promise the most accurate lead time. TOC 
suggests that while negotiating with vendors, project managers should always negotiate 
lead time for more money than negotiating the lead time. The vendors always add safety 
to quote the due date while increasing the lead time automatically but will be willing to 
reduce lead time for less money. 
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In my knowledge, the methods of TOC project management scheduling 
implementations discussed in this chapter are still not properly examined by the design 
industry. Further, part of the study is concentrated on examining the claims put forward by 
TOC in solving present day design project management scheduling problems. It is to be 
noticed that if its claims are proven right, obviously there will be a significant need for the 
use of this project management scheduling system. 
Summary 
This chapter reviewed the theory base of the study. Design project scheduling is an 
integral part of the design project planning. Every design project needs a schedule to control 
the project. The chapter explains the time sequence for creating the project schedule in 
general. In addition, Theory of Constraints in general and TOC application to project 
management were discussed. The chapter compares TOC and traditional project scheduling 
concepts while explaining how TOC's concepts challenge traditional concepts of project 
scheduling. Key concepts involved in this comparison are critical path schedules and bar 
chart schedules of traditional concepts and TOC schedule and its concept of critical chain. 
The measurements of TOC in relation to project management were discussed through an 
illustration taken from the novel, The Goal. This example is used to explain the key concepts 
of TOC with respect to the analogy used. The effects of TOC on the aspects of project 
management namely project delay and project measurements were reviewed in detail. The 
theory behind each step in creating the TOC schedule is analogous to the theory behind the 
steps ofTOC's "process of ongoing improvement." In TOC scheduling method buffers are 
used to protect the critical chain. Types of buffers and their functions were included in the 
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steps for creating the TOC schedule. All of the above mentioned helped to create a 
theoretical base for the study. The chapter culminates in the discussion of the advantages of 
TOC project management scheduling. 
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CHAPTER 3. RESEARCH DESIGN 
A qualitative research paradigm based on the comparison of a case study to the theory 
of constraints was chosen. In this case study the design development schedule of two 
commercial rollout units was the case or unit of analysis. Devising of the design included 
choosing of single case embedded design that allowed multiple sub-units of analysis, creating 
the case study patterns and choosing a time series analysis. The significance of the case 
study compared to TOC explored in this study may contribute to the existing project 
management knowledge in the field of interior design. The study also examined its 
delimitations and limitations. 
Case Study Compared to TOC 
Based on the inductive mode of qualitative design (Figure 1 ), this study uses case 
study as the procedure for the original scheduling techniques. This design was chosen 
because the research questions involved were how questions and it allowed an inquiry while 
retaining the unique characteristics of the organizational .and managerial processes. 
This case study explores the interior design project development scheduling of rollout 
units and reaches results. Single c~e ( embedded) design was chosen as specific design type. 
As per this design type the single case study can contain multiple units of analysis. The 
study adopted the time series analysis for data analysis (Yin, 1994) (Figure 2). 
In this case study, the design project development scheduling process of two 
commercial rollout units (commercial construction unit I (CC UNIT-I) and commercial 
construction unit IT (CC UNIT-IT)) was the unit of analysis or case (Figures 3, 4, and 5). 
26 
Researcher Develops a Theory or Compares Pattern with other 
Theories 
' . 
Researcher Looks For Patterns 
• l 
Researcher Forms Categories 
•l 
Researcher Asks Questions 
.il 
Researcher Gathers Information 
Figure 1. In.ductive Mode of Research in Qualitative Study (Creswell, 1994) 
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Topic: Theory of Constraints application: Interior Design Project Development 
Scheduling 
Theoretical Proposition (pattern 1): 
The project development team cannot reduce the overall 
lead time of the project just by applying the Theoiy o 
constraints (TOC) project scheduling techniques to 
existing bar chart schedule 
g 
Rival Theoretical Proposition (pattern 2) 
If the TOC project scheduling techniques are applied to interior design / 
project development scheduling, the project development team can 
Research Question: i-------.. 
How by applying the TOC project scheduling 
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reduce the overall project lead time 
development team can reduce the overall lead Choosing between qualitative and quantitative research designs timeoftheproject? .,__ __ ....,. ______________ .....,__. 
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Figure 2. Research Design Roadmap 
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Figure 3. Plan of the Commercial Construction Unit (CC Unit-I & CC Unit-II (Typ.)) 
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ISOMETRIC VIEW 
Figure 4. View of the Commercial Construction Unit (CC Unit-I & CC Unit-II (Typ.)) 
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The single case (embedded) design, chosen for this study, allowed multiple sub-unit of 
analysis (process unit 1 and process unit 2). The sub-units of analysis of the case are the 
combined existing schedule of two roll out units and combined TOC schedule of the two 
(Figures 8 and 9). The two rollout units were selected because they were of the same nature 
and carry the same due date and project leader. 
To facilitate the time-series analysis and to obtain the result, at first, two existing 
schedules (Figures 6 and 7) of the two commercial rollout units (sub-process units) which use 
the same resources and which have the same due dates were incorporated to form a combined 
detailed schedule (Figure 8). This schedule represents schedules of both the commercial 
rollout units, CC UNIT-I and CC UNIT-II, in one time-scale chart, and formed the first 
process unit of the study with lead time A, process unit 1. Then, TOC project management 
application concepts were applied to the data of the above mentioned detailed schedule 
(Figure 8) to create TOC schedule (Figure 9) of the commercial construction units I and II 
(CC UNIT-I and CC UNIT-II). TOC schedule formed the second process unit of the study 
with lead time B, process unit 2 (Figure 2). 
Thus, the process units 1 and 2 formed the multiple units of analysis of the single case 
( embedded) design. Process unit 1 with lead time A along with the theoretical proposition 
formed pattern 1 and similarly process unit 2 with lead time B along with rival theoretical 
proposition formed pattern 2. Both the patterns were later analyzed using the idea of ''time-
series analysis" (Yin, 1994). 
Later, the study compared the result of time-series analysis with a CPM schedule 
(Figure 13) created based on the data of the above-mentioned detailed schedule (Figure 8). 
32 
ID Task Name Duration Start Finish uec~~ Jan4 Jan 10 · Jan 15 Jan~~ Jan ~is Feb3 Feb 9 t-eb 15 t-el> Z1 t-eb Z7 Mars Mar 11 Mar17 MarZJ Mar29 Apr4 
1 Prelim. schematic, 3D Graphics 15 days 1/6/97 1/24/97 1/6 LJ , 1/24 
V 
2 Prelim. approval - client 5days 1/27/97 1/31/97 1/27 LJ f /31 •-
V 
3 Prelim. CD {permit) 10 days 2/3/97 2/14/97 2/3 I. , 2/14 .... 
211i 'j 4 Structural approval {stamp) 5 days 2/17/97 2/21/97 , 2/21 lJ V 
5 Permit approval 5days 2/24/97 2/28/97 224 LJ , 2/28 
V 
6 Final CD 10 days 3/3/97 3/14/97 3/3 a , /14 
311; I 7 Production 15 days 3/17/97 4/4/97 f 4/4 ..,, V 
. 
' 
' 
--· 
Figure 6. Preliminary Schedule of the Commercial Construction Unit- I 
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ID Task Name ! Duration Start Finish Dec ;tis Jan 2 Jan 7 Jan 1;t Jan,, Jan 22 Jan ;tt tell 1 Fell 6 Fell 11 Fell 16 Fell 21 Feb26 Mar3 Mar8 Mar 13 Mar 18 Mar~., Mar~o 
1 Prelim. schematic, 3D Graphics 13 days 1/8/97 1/24/97 1/8 V 1/24 L! 
2 Prelim. approval - client 5days 1/27/97 1/31/97 1121 I / 1/31 .. 
:z}3 Ll 3 Prelim. CD (permit) 5days 2/3/97 2/7/97 I 2/7 
V 
4 Structural approval (stamp) 10 days 2/10/97 2/21/97 2/10 LJ , 2121 
V 
5 Permit approval 5 days 2/24/97 2/28/97 ~~24 L! , 2728 
V 
6 Final CD 5 days 3/3/97 317/97 3/3 / 3/7 
i,... 
31lo a 7 Production 15 days 3/10/97 3/28/97 / 3/28 
V 
-
-
' 
" 
"' 
" 
i '" . ' 
' -
Figure 7. Preliminary Schedule of the Commercial Construction Unit-II 
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ID Task Name ; Duration Start Finish Jan2 Jani Jan 12 Jan 17 Jan 22 Jan 21 Feb 1 Feb6 Feb 11 Feb 16 Feb 21 l·eb 26 Mar3 Mar8 Mar13 Mar 18 Mar 2;j 
1 CCUNIT1 49 days 1/6/97 3/13/97 1/6 Ll J 3/13 
< V 
2 Prelim. schematic (R1) 2days 1/6/97 1/7/97 116 Ll 1/7 
3 3D - Drawing (R2) 3days 1/8/97 1/10/97 1/8 d -v 1/10 
4 Models / Animation (R5) 4days 1/10/97 1/15/97 1110 a V 1/15 
5 Graphic Design (R3) 2days 1/17/97 1/20/97 1/17 I 1/20 - V 6 Estimation (R7) 2 days 1/21/97 1/22/97 1/21 1/22 
7 Final correction (R1) 2 days 1/22/97 1/23/97 1/22 'J"'v 112: 
8 Prelim. approval - client 5days 1/27/97 1/31/97 1121 I 1/31 
""' 
~3 a 9 CD for permit (R3,R4,R6) 5days 2/3/97 2/7/97 I 2/7 V 
10 Check co-ordination (R1) 3 days 2/7/97 2/11/97 2/7 a , 2/11 V 
11 Structural approval (stamp) 5days 2/17/97 2/21/97 2/17 a , 2/21 .., 
12 Permit approval 5 days . 2/24/97 2/28/97 2124 a , 2 28 
3~3 3/4 13 CD check for accuracy (R1) 2days 3/3/97 3/4/97 
14 CIM Routing (R2) 3 days 3/6/97 3/10/97 3/6 a / 3110 V 
15 Final correction 2 days 3/12/97 3/13/97 3/12 .~ "'7 3/13 
16 Transfer to Production 1 day 3/13/97 3/13/97 3/13 :E7 3/13 .. 
17 CCUNIT2 4~ days 1/8/97 3/14/97 1/8 J 3/1~ ' a V .. 
18 Prelim. schematic (R1) · 2 days 1/8/97 1/9/97 1/8 ~119 
19 3D - Drawing (R2) 2days 1/13/97 1/14/97 1/13 ~1,14 
20 Models / Animation (R5) 2days 1/16/97 1/17/97 1/16 1/17 
21 Graphic Design (R3) 1 day 1/21/97 1/21/97 1/21 LJ 7 1/21 
22 Estimation (R7) 1 day 1/23/97 1/23/97 1/23 /SJ 112: 
23 Final correction (R1) 1 day 1/24/97 1/24/97 11: 4 !SJ 1)24 
24 Prelim. approval - client 5days 1/27/97 1/31/97 1121 I 1 1/31 -
25 CD for permit (R3,R4,R6) 3 days 2/10/97 2/12/97 2/10 l] 211: 
26 Check co-ordination (R1) 3 days 2/12/97 2/14/97 2/12 8 -v' 2/14 
27 Structural approval (stamp) 5 days 2/17/97 2/21/97 2/17 a . , 2/21 .., 
28 Permit approval 5days 2/24/97 2/28/97 :Z,24 Ll , 2 28 .., 
J15 !SJ 3 5 29 CD check for accuracy (R1) 1 day 3/5/97 3/5/97 
30 CIM Routing (R2) 1 day 3/11/97 3/11/97 !,1.1 !SJ 3/11 
31 Final correction 1 day 3/14/97 3/14/97 3/14 !SJ 3/1, 
32 Transfer to Production 1 day 3/14/97 3/14/97 3/14 !SJ 311J 
I 
Figure 8. Combined Detailed Schedule of Commercial Construction Units - I & II (Process Unit 1) 
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Figure 9. TOC Schedule of the Commercial Construction Units-I & II (Process Unit 2) 
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This comparison formed a verification step of the study. In addition, results of this 
comparison helped to conclude the study and to strengthen the external validity of the study· 
(see also Figure 2) 
Significance of the Study 
This study could enhance the current project scheduling methodology and practices of 
the interior design field and also may contribute to the literature of the field. The study is 
important because it: 
• Addresses the issue of project delays; 
• Explores the advantage of "innovative solutions" claimed by TOC over the 
currently practiced scheduling method; 
• Deals with finishing a project on time, which is a key aspect for project profit; 
• May suggest some solutions to simplify the planning of resource availability 
which is normally a complicated phenomenon in schedule planning; and 
• May bring the TOC application knowledge, which is prominent in manufacturing, 
into the field of Interior Design/Interior Construction. 
If the result of the study matches the rival theoretical proposition (Figure 2), TOC 
application will improve the interior project development scheduling process and it can be 
applied to the field of interior design to improve its project management processes. If the 
result turns out to be negative the study can point out that there is a necessity for an advanced 
focus in the area of interior design project scheduling. 
Having attended a project management workshop at the Goldratt Institute, a seminar 
on application of project management, and research and inquiries with the Institute, it is my 
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understanding that, even though TOC is practiced extensively, there is no research done on 
the application of TOC in interior design project development. The significance of this study 
may invite some attention in both research and practice levels of the Interior Design/Interior 
Construction field. 
Delimitations and Limitations of the Study 
The scope of this study is confined to observing the project management scheduling 
method used in the design development phase of a rollout project in a design company while 
inquiring solutions to reduce lead time based on the management theory, Theory of 
Constraints. The theoretical base for the scope is narrowed to the concepts of TOC project 
management application necessary to conduct the final scheduling exercise to obtain the 
result. Since the inquiry is confined to a particular type of design, the commercial rollout, 
the study may not be generalized to all the areas of interior design. 
There is no mention of any corporate names. In addition, even though the two cases 
were taken out of real life examples and parts are created similar to the existing design, there 
are no direct similarities to the designs. There is also no conceptual difference existing 
between the example devised and the actual units. Even though the methodology is 
discussed, this thesis does not discuss the scientific technique in detail since it is the property 
of Goldratt Institute (see Appendix). 
Summary 
The chapter explored the research design :framework of the study. Based on the 
qualitative research design, a case study was chosen as a primary research procedure. The 
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single case ( embedded) design of the case study allowed setting up multiple process units in 
a main unit of analysis (case). The chapter also described the general o~tline of the case 
study design by including descriptions about design type, unit of analysis or case, process 
units of the case, and method of analysis. Time-series analysis was chosen as the method of 
analysis for the case. The case was then compared to the Theory of Constraints management 
techniques. This chapter discussed the importance of the study by stating the study has its 
own significance while inviting some attention in both research and practical levels of 
interior design. The study is also expected to create a need for further research. The chapter 
pointed out the delimitations and limitations of the study. At this point of the study a 
procedural framework was created to allow reliable data collection, recording, and analysis. 
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CHAPTER 4: DATA COLLECTION AND RECORDING 
After creating a theory base and research framework by choosing a qualitative 
research design and case study as the preliminary procedure, the study entered the stage of 
data collection and recording. Two research propositions were created based on the general 
research question. The pilot case study finalized the preparation for data collection and 
clarified the required content of the data. Then a case study protocol including an overview 
of the case study project, field procedure, and questions of the protocol was created based on 
the pilot case study. Related strategies and data/information sources were identified in 
connection with the protocol questions. The data collected based on the protocol were 
evaluated to complement the respective case study patterns (Figure 2). While collecting the 
data, I had the opportunity to work on the development team. The entire data collection was 
scheduled between November 15, 1996 and April 4, 1997. 
Theoretical Propositions and General Comparison Strategy 
To begin with, two research propositions were created based on the general research 
question. The research question was: How by applying TOC scheduling methods the interior 
design project team can reduce the overall lead time of the project? This theoretical 
proposition facilitates the technique of time series in the data analysis step. The theoretical 
proposition (Figure 2) was: The project development team cannot reduce the overall lead 
time of the project just by applying Theory of Constraints. The first pattern, pattern 1 (refer 
to Chapter 3, p. 31) was created based on this theoretical proposition and the interior project 
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development schedule before applying the TOC scheduling technique and had a resulting 
lead time A (Process Unit 1) (Figures 2 and 8). 
The rival theoretical proposition was: If the TOC project scheduling techniques are 
applied to interior design project development scheduling, the project team can reduce the 
overall lead time of the project development phase. The second pattern, pattern 2 (refer to 
Chapter 3, p. 31) was evolved out of this rival proposition and the interior project 
development schedule after applying the TOC project scheduling method, which has a 
resulting lead time B (Process Unit 2) (Figures 2 and 9). The above two patterns were 
compared based on the idea of"time-series analysis" (Yin, 1994). Based on the time-series 
assumptions, if lead time A is less than lead time B, the theoretical proposition qualifies and 
iflead time A exceeds lead time B, the second or the rival proposition qualifies. Later in the 
study, to conclude and verify the study, the result of time-series analysis was compared with 
a CPM schedule (Process Unit 3) (Figure 13) created based on project data of Process Units 1 
and 2. Refer to Figure 2 for a detailed research design road map. 
Data Collection and Recording: Pilot Case Study 
Preparation of data collection culminated in a pilot case study. This helped to clarify 
the required content of the data and the procedures to be followed. A list of resources 
(Figure 10) and preliminary flow chart (Figure 11) were created based on the data generated 
through the pilot case study. In addition, the existing schedules of the rollout units CC 
UNIT-I and CC UNIT-II, (sub-process units) were acquired (Figures 6 and 7). The 
preliminary flow chart had connections with the current method of project scheduling 
followed by the team. 
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This pilot case study clarified the problem discussed in the problem statement to an 
extent. From this it was determined that there was a need for combining the preliminary 
schedules (Figures 6 and 7) to form the combined detailed schedule (Figure 8) later in this 
study. The pilot study also indicated the necessity of filling up the missing activities in the 
scheduling process and hence helped the creation of the detailed flow chart (Figure 12) at a 
later stage of this study and consequently, the TOC schedule (Figure 9). In general, the pilot 
study clarified what further data was necessary for the completion of the case study and also 
facilitated the clarification of the research design. 
Data Collection and Recording: Case Study Protocol 
A case study protocol was prepared based on the pilot case study as an instrument of 
further data collection. Using this protocol, further data necessary for the analysis were 
collected. In addition, field procedures were identified and questions to further data 
collection were prepared. 
Overview of the Case Study Project 
The projects chosen for the case study carried a new set of values in the company. 
The project development department is the creative wing of the company's rollout programs. 
Since the programs have high market value and less turnaround time, the department always 
operates at a fast pace to generate money. As the department always dem~ds experienced 
workers, it operates under limited resources for the volume of projects it handles. Bar charts 
and milestone charts are the common scheduling techniques used by the group. However, 
with the schedules and constant reminders from the client, the department works under 
pressure to complete everything on time. Even the dedication of the employees cannot help 
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Figure 12. Detailed Flow Chart 
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when the problems of contentions sometimes occur. Contentions occur when two tasks that 
are managed by the same resource coincide and create a delay in the schedule. 
A project development resource is a unit of the project team that operates and 
completes a project task. In the project studied, the team consisted of eleven members from 
the design development division who constitute the seven development centers. It consisted 
of the following seven project development resources (development centers), RI, R2, R3, 
R4, R5, R6, and R7. Each center or resource except RI, R3, and R7 was comprised of more 
than one member working as a unit (Figure I 0): 
I. Development center RI (one member) was the project leader who had the 
responsibilities of overall development coordination, preparing s.chematic drawings 
and specifications, and also, equipment and electrical coordination. 
2. Development center R2 (two members) prepared drawings for CIM (Computer 
Integrated Manufacturing) routing, created 3D details, and 3D graphics. 
3. Development center R3 (one member) coordinated all graphic design, branding, and 
finishes. R3 was responsible for the overall look of the rollout units and worked 
closely with the advertising agency of the client. 
4. Development center R4 (two members) was responsible for the design development 
of the components of the units such as grid system, panel system, signboard, 
windows, and doors. Thus, this center had the total responsibility of coordinating 
all the production drawings. 
5. Development center R5 (two members) was responsible for building models and 
creating animation for client presentation. 
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6. Development center R6 (two members) coordmated design development aspects of 
flooring, furniture, and equipment enclosure. 
7. Development center R 7 ( one member) had the responsibility of creating the 
estimation document. 
Questions in the Case Study Protocol and TOC Comparison 
Based on the case study procedure and the outcome of the pilot case study, the 
following questions, related strategies, and data sources were identified as a set of guidance 
factors while collecting further information: 
Q 1: How were the existing project development schedules of the two roll out units created by 
the department? 
Related Strategies: 
1. Examine the two existing project development schedules (Figures 6 and 7) 
collected through the pilot case study to learn about the existing scheduling 
method followed by the department; 
2. Examine the existing preliminary flow chart of the project development process 
(Figure 11) created during the pilot case study to understand the existing project 
development process; 
3. Examine the list of project development resources created during the pilot case 
study and understand the duties of the project team members; and 
4. Collect information on the current scheduling techniques used and the devices 
including computer software used to create it. 
47 
. Data/Information Sources: 
1. Senior architect who is in charge of the project development team; 
2. Production manager who is in charge of the rollout unit production; 
3. Flow chart showing the existing project development process; 
4. Job descriptions of the members of the project team; and 
5. The agent of the client. 
Q 2: How can a detailed combined schedule of the two rollout units representing the actual 
current project development process be created? 
Related Strategies: 
1. Examine the preliminary flow chart of the project development process (Figure 
11) created during the pilot case study to understand the existing project process; 
2. Examine the two existing project development schedules (Figures 6 and 7) 
collected during the pilot case study and incorporate the tasks mentioned in the 
preliminary flow chart (Figure 11 ), to create a detail task outline for the detailed 
combined schedule ( compare Figures 6 and 7 with Figure 8); and 
3. Combine the two existing project development schedules (Figures 6 and 7) into 
the same time scale chart to create the combined detailed schedule of the 
commercial rollout units. 
Data/Information Sources: 
1. Two preliminary (original) schedules of the commercial construction units-I and 
II (Figures 6 and 7); and 
2. Flow chart showing the flow of project development; 
48 
Q 3: How is schedule co-ordination done between the project development team and external 
agencies? 
Related Strategies: 
1. Contact the agent of the client or program manager and find out how he or she 
facilitates preliminary approval process with the client; 
2. Enquire of the program manager how client ensures quality and how he or she 
manages the due date; 
3. Enquire how the program manager receives permit on time; 
4. Collect information on structural processing and requirements; and 
5. Collect information on the methods of communication and mailing between client 
and the project development team. 
Data/Information Sources: 
1. Program manager who represents the client; 
2. Structural engineer who stamps the construction drawings; and 
3. Schedules from the agency representing the client and who employs the program 
manager. 
Q 4: How is the detailed flow chart, showing the tasks embedded within each task 
represented in the preliminary flow chart and how is the method of project co-ordination 
between the client and the team created? 
Related Strategies: 
1. Examine related strategies based on previous questions; 
2. Understand the data requirement to create a TOC schedule based on the concept 
of TOC project management application; 
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3. Identify the tasks embedded within the tasks represented in the preliminary flow 
chart (Figure 11) based on the TOC scheduling method; and 
4. Compile the data created out of the related strategies in Question 3 and 
incorporate with the data of the previous step to create the detailed flow chart 
(Figure 12). 
Data/Information Sources: 
1. Literature on TOC; and 
2. Data created based on the previous questions; and 
3. Project Management Application Workshop (Avaraham Y. Goldratt Institute, 
1995) 
Q 5: How are project schedules created using TOC and its advantages? 
Related Strategies: 
1. Understand data generated fi:om the related strategies based on the previous 
questions; 
2. Contact Goldratt Institute to clear up doubts on the TOC scheduling technique; 
3. Examine and correct detailed flow chart (Figure 12); 
4. Create the TOC schedule based on the combined detailed schedule of commercial 
construction units (Figure 8) and the detailed flow chart (Figure 12); and 
5. Contact people practicing this technique in general construction. 
Data/Information Sources: 
1. The Goldratt Institute and literature on TOC; 
2. Detailed flow chart (Figure 12); 
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3. Combined detailed schedule of the commercial construction tu1its I and II (CC 
UNIT I and CC UNIT II); 
4. The people who practice. the technique; and 
5. The Project Management Application Workshop (Avraham Y. Goldratt Institute, 
1995) 
The above questions, related strategies and data/information sources served as a 
framework for further data collection required for the case study. The data generated based 
on the questions were satisfactory and helped summarize the evidence for the case study. 
Data Collection and Recording: Summary of Collected Evidence 
Evidence for the case study came from the following sources: documents, archival 
records, interviews, and participant observation. 
Documents 
The documents collected from the company compared with the documents published 
by the Goldratt Institute helped to create the preliminary inferences and gave clues worthy of 
further investigation rather than as definitive findings. The documents from the company 
also provided information on the volume of business of the company and its client 
relationships. Documents included letters, proposals, progress reports, brochures, etc. 
Documents also provided the following general conventions the company follows to 
carry out rollout projects: 
1. Client pays for the design development and the preliminary prototype; 
2. Two rollout units used in the case study are made in an initial batch size of 120 
units; 
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3. If the company could not meet the project development deadline there is a 
punishment fee involved; 
4. The initial finishes of materials and graphics are decided earlier by an design firm 
hired by the client; and 
5. The projects have a single project leader, are completed by the same resources, 
and have the same due dates. 
Archival Records 
The site survey and preliminary work schedules were collected from the company to 
know the method by which the schedules were prepared. Various schedules supplied by the 
client were also collected. The preliminary work schedule helped in the preparation of the 
preliminary flow chart and preliminary project schedule. 
Interviews 
Several open-ended interviews were conducted inside the company with in-charges of 
projects and production to collect respondents' opinions about events. These interviews 
inside the organization helped in clarifying doubts. Responses received helped to expand the 
scope of the study. 
A focused level interview was also conducted with a project planner outside the 
company who currently practices TOC project management application. The interview was 
properly recorded and transcribed. 
The focused"level interview with the above discussed project planner was 
informative. He discussed the policy that is one of the major constraints prevailing in the 
area of project management in a company. To make a change inside the company based on 
TOC, it is necessary that management change. To create a TOC schedule means to manage 
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data/information and time effectively. There is a need to create the schedule far ahead. By 
doing this, the team can save money by creating accurate estimates and managing 
investments. The team can also avoid the phenomena of multi-tasking by early scheduling 
and can also manage safety time properly. When the schedule is planned ahead, workers 
have no confusion and can facilitate a punch list while doing the work. Every decision of the 
project schedule creation should be based on the profit (Prize, 1996). 
The project planner also reiterated the major aspects of TOC scheduling. His 
statements were based on the TOC theory already discussed in the review of the previous 
study section. In the field, he said, buffer management is the most important factor and 
normally has priority. Also there is a need to introduce proper warning system (Prize, 1996). 
Participant Observation 
Being a part of the team that makes key decisions, I generated evidence based on the 
following approaches: 
1. Observing the resources and their functions and actual time (unbuffered) taken for 
each task that could be identified; 
2. Identifying the resources where multi-tasking was occurring; 
3. Noticing the arrangement of quality control since the quality was not checked in 
each phase; and 
4. Following the sequence of project process flow. 
Throughout this data collection procedure of "participant observation" I tried to keep 
my role as a passive investigator and external observer while collecting the data internally. 
Participant observation gave me opportunity to access data, which is difficult otherwise. A 
case study notebook was also maintained throughout the project period. This notebook was 
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used to study the project development department as a whole and it formed an excellent 
evidence for all the activities happening inside the department. It also helped in the creation 
of the final flow chart. 
Data Evaluation 
After completing the evidence collection based on the questions of the case study and 
TOC comparison the evidence was evaluated. Data evaluation was completed to create data 
necessary for analyzing each of the patterns, pattern 1 (the case study) and pattern 2 (TOC 
schedule) (Figure 2) separately. 
Data Evaluation for Pattern 1 
Pattern 1 required data needed to create the combined detailed schedule of 
commercial units I and II, process unit 1 (Figure 8) during the data analysis. The data 
created based on the related strategies of Questions 1 and 2 of the case study protocol were 
evaluated based on data triangulation to create the combined detailed schedule (Figure 8). In 
data triangulation, data is collected from multiple sources and is then converged to support 
the phenomenon studied (Yin, 1994). The data included existing project development 
schedules of the commercial construction units I and II (Figures 6 and 7), preliminary flow 
chart (Figure 11 ), list of project development resources (Figure 10), information about the 
method to create the bar chart and the software to do the scheduling. 
Data Evaluation for Pattern 2 
Pattern 2 required the data needed to create the TOC schedule. The data collected 
from the multiple sources of evidence were evaluated based on data triangulation to create 
the backdrop for TOC scheduling. The TOC scheduling exercise required detailed 
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information on the existing project development process and information on the methodology 
to create the TOC schedule. By keeping this as a backdrop all evidence collected on the 
existing project development process were brought together and converged into a final 
detailed flow chart (Figure 12) of the project development process where all the project 
activities were indicated in detail. In addition, the evidence also provided the methodology 
required to create the TOC schedule. 
The detailed flow chart is different from the preliminary flow chart (flow chart 
followed by the company) (Figure 11). The detailed flow chart represents (Figure 12) all 
detailed information required to facilitate TOC scheduling method, whereas the preliminary 
flow chart represents the existing project development process in the department. In the 
detailed flow chart the embedded tasks within the tasks of the preliminary flow chart are 
represented. This not only facilitates a clear picture of the current project standing but also 
facilitates a potential problem analysis in TOC. 
So, the evaluation of data concluded in the emergence of a final or detailed flow chart 
(see Figure 12). The final flow chart formed an evidentiary base for pattern 2. This flow 
chart can also be considered, as the database required for the advancement of the study. By 
comparing the preliminary flow chart (see Figure 4) and the detailed flow chart (see Figure 
8), one can also notice that many of the issues pertaining to the particular project 
developmentprocess were missing from the preliminary flow chart but were present in the 
detailed flow chart. Thus the detailed flow chart indicates all the problem areas such as 
checking back with clients and number of possible revisions and mistakes. Problem areas are 
referred to the areas where the project becomes late. For example each time after a 
preliminary graphic is prepared the team has to wait for the preliminary approval of 
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merchandizing and graphics to appear. Similarly, each instance where the information or 
drawings were sent to outside resources, the team incurred delay. 
The culmination of the evidence collection into this evaluation helped to create two 
patterns, patterns 1 and 2 for the data analysis step of the comparison study. Pattern 1 is 
created based on the theoretical proposition (Figure 2) and consisted of process unit 1, which 
is the detailed combined schedule of the roll out units (Figure 8). Pattern 2 is created based 
on the rival theoretical proposition (Figure 2) and consisted of process unit 2, which is the 
TOC schedule of the rollout units (Figure 9). Later these patterns were matched in the data 
analysis step of the case study to create the result (see Figure 2). 
Summary 
This chapter explained the data collection and recording stage of the study. As per 
the research design, data collected based on the pilot case study and the TOC comparison 
were evaluated at this stage. Constructing the preliminary theory that related to the research 
question is a very important step before preparing for data collection. Two research 
propositions were created to facilitate the data analysis technique of time-series analysis. 
Two patterns of schedules were created out of these two research propositions. A case study 
protocol, which contained the sections, overview of the case study project, field procedures 
and case study questions, was created as an instrument to facilitate an efficient data 
collection and address the reliability factor. Preparation of data collection culminated in a 
pilot study done based on the above-discussed questions. Pilot.study clarified the problem 
studied to an extent, clarified the need for the further data, and refined the research design. 
The evidence for the case study and TOC comparison came from various sources such as .. 
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documents, archival records, interviews, and participant observations. Th€:: study evaluated 
the data collected based on the principal of theory triangulation. 
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CHAPTER 5. DATA ANALYSIS 
The data collected and evaluated during the data collection and recording stage of the 
study was used in the data analysis stage to complement patterns 1 and 2 while creating the 
three process units, process units 1, 2, and 3 respectively. The analytic strategy chosen had 
strong links to the theoretical proposition created based on the general research question 
(How by applying TOC scheduling methods the interior design project development team 
can reduce the overall lead time of the project?). At this stage of the study, the results were 
obtained based on the research design and procedural strategy (see Chapters 3 and 4). 
Analytic Strategy Based on Time-Series Patterns 
Two research propositions were created from the general research question. The 
theoretical proposition (Figure 2) was: The project development team cannot reduce the 
overall lead time of the project just by applying the Theory of Constraints. The first pattern, 
pattern 1 (refer to Chapter 3), consisted of process unit 1 which was the interior project 
development schedule before applying the TOC scheduling technique with a resulting lead 
time A (Figures 2 and 8) and was created based on this theoretical proposition. 
The rival theoretical proposition was: lfTOC project scheduling techniques are 
applied to interior design project development scheduling, the project team can reduce the 
overall lead time of the project development phase. The second pattern, pattern 2 (refer to 
Chapter 3) was evolved out of this rival proposition and consisted of process unit 2, the 
interior project development schedule after applying the TOC project scheduling method, 
which had a resulting lead time B (Figures 2 and 9). The above two patterns were analyzed 
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based on the idea of pattern matching logic. While analyzing the result of pattern matching, 
the assumption was, iflead time A is less than lead time B, the first theoretical proposition 
qualifies and if lead time A exceeds lead time B, the second or the rival proposition qualifies. 
Refer to Figure 2 for a detailed research road map. The analyzed result of the time-series 
analysis matching was compared to a CPM schedule (Process Unit 3) created based on the 
same project data of Process Units I and 2 to reach the final result. 
Both the patterns were the result of the data evaluation step described in Chapter 4. 
In addition, both patterns followed a common scheduling technique, the bar chart. The bar 
chart scheduling method is accepted by TOC in creating a schedule. As discussed earlier, the 
unit of analysis or the case is the project development schedule of two commercial rollout 
units, commercial construction unit I (CC UNIT I) and commercial construction unit II (CC 
UNIT II). Single case ( embedded) design chosen for this study allowed multiple sub-units of 
analysis (process unit I and process unit 2) embedded in the study design (Figure 2). 
Commercial Rollout Units (Sub-process Units) 
The process unit 1 consisted of the detailed combined schedule of the two 
commercial rollout units (sub-process units) and process unit 2 consisted of the TOC 
schedule of the two units. Both the rollout units had the same project due date and were 
managed by the same project leader (see Chapters 3 and 4). 
Both the rollout units were manufactured for big corporate bodies for their marketing 
purposes. These are transportable and knockdown in nature. The main components of these 
units are panels, suspended ceiling system, doors, windows, and furniture (refer to Figures 3, 
4, and 5). In addition to this, the client supplies all the equipment. However, all the 
equipment enclosures and electrical enclosures are supplied by the company. At first the 
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company has to make a prototype based on the design developed by the design development 
team. Both units have to be manufactured in a batch size of 120. Once the company receives 
preliminary approval the team receives the contract and proceeds with the design 
development. The client pays the cost of entire design development and the prototype. 
Overall lead time for the design development is set by the client in consultation with 
the company. The overall lead time for both the rollout units combined was 50 days, 
excluding Saturdays and Sundays, starting on January 6, 1997 to March 14, 1997. 
Pattern 1: Process Unit 1 with the Theoretical Proposition 
Pattern 1 (see Figures 2 and 8) consisted of process unit I and the theoretical 
proposition. Process unit I was the interior project development schedule before applying 
TOC scheduling technique. This schedule (Figure 8) was created based on the initial flow 
chart (Figure 11 ). In addition, it was created by combining the preliminary schedules of the 
two commercial rollout units (Figures 6 and 7) and the tasks outlined in the initial flow chart 
(Figure 11). See also data evaluation step of Chapter 4. In this schedule, schedules of both 
the commercial rollout units, commercial construction unit-I (CC UNIT-I) and commercial 
construction unit-II (CC UNIT-II) were combined into one time scale chart. As discussed 
earlier, the bar chart was chosen as the scheduling method. Bar chart was chosen for two 
reasons, the company has resources and knowledge to create the bar chart and it is also used 
and accepted by the TOC scheduling technique. 
This schedule (process unit I), which is a part of pattern 1, was created out of the 
required task time quoted by each resource (development center), Rl, R2, R3, R4, RS, R6, 
and R7 (see Figure 10). The task time per task quoted by the development centers also 
includes safety time. The project leader (Rl) assesses the..safety·time quoted by the 
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development centers and determines the final task time required for each task. 1bis 
assessment is made by working back from the due date set by the client, considering the 
availability of resources, and existing records of time required for each task. Since the 
schedule contained two commercial rollout units with the same time period, care was taken 
to avoid conflicts in resource timings. 
The project leader thus does the project planning and the schedule is created. 
Microsoft Project software was used to create the schedule, since all the techniques and rules 
needed to create a bar chart are already present in the software. 
The detailed combined schedule, process unit 1, representing pattern 1 (Figure 8) 
incurred a total lead time (lead time A) of 50 days. 1bis lead time is the time elapsed 
between the starting date and the completion date of the project represented in the schedule. 
Pattern 2: Process Unit 2 with the Rival Theoretical Proposition 
Pattern 2 (see Figures 2 and 9) consisted of process unit 2 and the rival theoretical 
proposition. Process unit 2, TOC schedule (Figure 9), was created by applying the TOC 
scheduling technique to the existing combined bar chart schedule (Figure 8) and representing 
the tasks mentioned in the detailed flowchart (Figure 12). The detailed flowchart provided 
the information about the embedded tasks within each task represented in the preliminary 
flowchart (Figure 11 ). Sources of TOC were extensively consulted for the implementation of 
the theory into the existing schedule. 
To start with, in facilitating the TOC scheduling process, each resource and the 
project leader were consulted to find the actual time necessary to complete each task. In 
addition, the company had a good record of time taken for each task under critical conditions. 
With all this data, each task time was reduced into un-bu:ffered time. Thus, by keeping the 
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detailed flowchart and TOC theory as a backdrop, the safety time contained in the tasks of 
the detailed combined schedule (Figure 8) was removed to create the tasks for the TOC 
schedule (Figure 9). 
TOC Scheduling Exercise 
Since no computer program was available for creating TOC schedule the entire 
exercise was done using pieces of paper representing the task time laid out over a mat board. 
After completing the scheduling process, the final schedule chart was entered graphically 
into the computer (Figure 9). 
To start with, all the tasks with un-buffered time were laid out so that all activities 
pushed as late as possible ( close to due date). Then the contentions were identified and de-
conflicted. Contentions occur when two tasks that are managed by the same resource 
coincide. The sequence in de-conflicting involved the re-sequencing of tasks that were 
earlier in time as per the direction of TOC scheduling technique. De-conflicting also 
sometimes involved the use of additional resources. Then the critical chain, the longest chain 
of dependant events, was identified. This is analogous to the first step of the TOC process: 
Identify the system's constraints (also see Chapter 2). 
In the following step, the protection of the critical chaµi (constraint) by inserting a 
project buffer between the end of the critical chain and the due date was facilitated. Total 
time of the project buffer is equal to the total safety time removed initially from the tasks 
while identifying the unbuffered time of each task. This unbuffered time is the minimum 
time needed to complete each task. This step in the process is analogous to the TOC step 
number 2: Exploiting the system's constraint. In a TOC schedule critical chain is the 
constraint ( also see Chapter 2). 
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The next step was achieved by placing Feeding Buffers (FB) and Resource Buffers 
(RB) appropriately in the schedule. Feeding Buffers (FB) were inserted where other non-
critical chain paths join the critical chain, and is meant to protect the critical chain from 
delays occurring while other non-critical chain paths join the critical chain. Resource Buffers 
(RB) were placed as early warning signals to avoid delays in the critical chain due to the 
unavailability of resources. Resource Buffers (RB) are only placed outside the critical chain 
as a warning mechanism and does not contribute to the total time of the critical chain. (Figure 
9). This is analogous to the third step ofTOC process: Subordinate everything to the above 
decision of exploiting the constraints (also see Chapter 2). 
Then the schedule was checked for the possible shortening of the lead time by re-
allocating the resources. In TOC, the lead time is represented by the critical chain, which is 
the longest chain of dependent events. The critical chain begins on the start date of the . 
project and ends on the start date of the project buffer (Figure 9). Then the saved lead time is 
added to the project buffer. This is analogous to the fourth step ofTOC process: Elevate the 
system's constraints (also see Chapter 2). By keeping the knowledge delivered by TOC 
project management application as the base, a critical chain oflength of37 days is identified 
(Figure 9). Thus a lead time starting from January 6 to February 25 of37 days is calculated 
as per the final TOC schedule standing (Figure 9). 
Result of Pattern Matching 
The underlying assumption of''time-series analysis" (Yin, 1994) was, if lead time A 
is less than lead time B, the first theoretical proposition qualifies and if lead time A exceeds 
lead time B, the second or the rival proposition qualifies. Refer to Figure 2 for a detailed 
63 
research road map. After verifying the result of pattern matching based on the assumption, 
we can conclude the result of the study as follows: 
By comparing final lead time outcome of both the schedules or patterns we can reach 
a conclusion that, since the lead time A is greater than lead time B, the data matches the 
theoretical proposition 2. Over the 50 day total lead time prescribed by the company 
schedule, represented by the combined detailed schedule, the TOC schedule could reduce the 
overall lead time to 37 days (Figure 9), which means 26% of the lead time is reduced after 
applying Theory of Constraints scheduling methods 
Evidently, the findings of the time-series analysis indicate that by applying TOC 
scheduling methods, the interior design project development team can reduce the overall lead 
time of the project development bar chart schedule. This also shows the TOC scheduling 
method manages time considerably better than normal bar chart schedule. Thus obtained 
result was compared with CPM schedule_ created based on the same project data. 
Comparison between Result of Time-Series Analysis and CPM Schedule 
This step involved comparing the findings of the time-series analysis with CPM 
(Critical Path Method) schedule (Process Unit 3) (Refer Figure 2) created based on the data 
of Process Units 1 and 2 (see Figure 13). This comparison formed a verification step of the 
study. In addition, the result of this comparison helped to conclude the study and to 
strengthen the external validity of the study (see also Figure 2). The schedule was created 
based on the task list and task duration identified in a combined detailed schedule of the 
commercial units I and II (Figure 8). 
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Table 1. Calculation of Expected Activity Times (TE) and Variances of CC Unit I 
ID Activity Optimistic Most likely Pessimistic Expected Variance Remark 
time (a) time (m) time (b) time (TE) 
1 Prelim. Schematic (RI) 2 2 2 2.00 0.00 Critical 
2 3D - Drawing (R2) 2 3 3 2.83 0.09 Critical 
3 Models / Animation (R5) 2 4 4 3.67 0.37 Critical 
4 Graphic Design (R3) 2 2 2 2.00 0.00 
5 Estimation (R 7) 1 2 2 1.83 0.09 
6 Final correction (RI) 1 2 2 1.83 0.09 
7 Prelim. Approval - client 3 5 5 4.67 0.37 
I agent 
8 CD for permit (R3, R4, 3 5 5 4.67 0.37 
R6) 
9 Checking for 1 3 3 2.67 0.37 
Coordination (RI) 
10 Structural Appro. (stamp) 3 5 5 4.67 0.37 
11 Permit approval 5 5 5 5.00 0.00 
12 CD check./ parts no. (RI) 1 2 2 1.83 0.09 
13 CIMRouting 1 2 3 2.00 0.37 
14 Final correction (RI) 2 2 2 2.00 0.00 
15 Transfer to production 1 1 1 1.00 0.00 
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Table 2. Calculation of Expected Activity Times (TE) and Variances of CC Unit II 
ID Activity Optimistic Most likely Pessimistic Expected Variance Remark 
time (a) time (m) time (b) time (TE) 
1 Prelim. Schematic (RI) 2 2 2 2.00 0.00 
2 3D - Drawing (R2) 2 2 2 2.00 0.00 
3 Models / Animation (RS) 2 2 2 2.00 0.00 Critical 
4 Graphic Design (R3) 1 1 1 1.00 0.00 Critical 
5 Estimation (R 7) 1 2 2 1.83 0.09 Critical 
6 Final correction (RI) 1 2 2 1.83 0.09 Critical 
7 Prelim. Approval - client / 3 5 5 4.67 0.37 Critical 
agent 
8 CD for permit (R3, R4, R6) 3 ,, 3 3.00 0.00 Critical :J 
9 Checking for Coordination 1 3 ,, 2.67 0.37 Critical :J 
(RI) 
10 Structural Appro. (stamp) 3 5 5 4.67 0.37 Critical 
11 Permit approval 5 5 5 5.00 0.00 Critical 
12 CD check./ parts no. (RI) 1 2 2 1.83 0.09 Critical 
13 CIMRouting 1 1 1 1.00 0.00 Critical 
14 Final correction (RI) 1 1 1 1.00 0.00 Critical 
15 Transfer to production 1 1 1 1.00 0.00 Critical 
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ID Task Name , Duration · Start I Finish Jan 2 Jan 7 Jan 12 Jan 17 Jan 22 Jan 27 t-e I> 1 Feb 6 Feb 11 r-eo 16 Fe I> 21 t-e 1> 2ti Mar 3 Mar 8 Mar 13 
1 CCUNIT I 42.16d 1 /6/97 3/5/97 ; 
' 1 1 /6/97 ! 2 Prelim. schematic (R1) 2 d : 1 /7 /97 1/6 1/7 ' l 3 3D - Draw ing (R2) 2.83 d 1 /8/97 : 1/10/97 1/8 
4 Models/ Animation (R5) 3.67 d 1/10/97 1 /15/97 1/10 1 15 
5 Graphic Design (R3) 1.33 d 1 /15/97 1 /16/97 1 /15 ! 1 /16 
6 Estimation (R7) 1.83 d 1/16/97 1 /20/97 1/16 ~1 20 
; 
7 Final correction (R1) 1.83 d 1 /20/97 1 /22/97 1/20 1 /22 
8 Prelim. appro.- client/agent 4.67 d 1 /22/97 1 /29/97 11221 ·_t291 ; 
9 CD for permit (R3,R4,R6) ! 4.67 d 1129191 I 2/4/97 ~/29 2 4 
10 Check coordination (R1) 2.67 d 2/4/97 
i 
2/7/97 2/4-~/7 
11 Structural appro:{siamp) . . 4.67 d . 2/7/97 2/14/97 2/7 2/14 , 
12 Permit approval 5d 2/14/97 2/21 /97 2/14 
·,1 I 1121 
13 CD check/ parts no. (R1) 1.83 d 2/21 /97 ! 2/25/97 2/21 ,-,2/25 
···-·-"···-·-·· 
14 CIM Routing (R2) 2 d 2/25/97 : 2/27 /97 2/25 /27 
15 Final correction 2 d 2/28/97 3/4/97 /28 
1'4 : 
3}4 3/5 16 Transfer to Production 1 d 3/4/97 ' 3/5/97 
i 17 CCUNIT II . 42.83 d 1 /8/97 : 3/7/97 , , 
' 
~,91 I 18 Prelimin. schem. (R1) 2 d 1 /8/97 : 1 /9/97 1/8 
' 
A ,11 19 3D - Drawing (R2) 2 d 1/10/97 : 1/14/97 1/10 
20 Models/animation (R5) 2 d 1 /15/97 1/17/97 
1/15~_:_ ··········- ....... 
Graphic Design (R3) 
.... 
1 d 1/17/97 ! 1/20/97 21 1/1t _ A 20 
22 Estimation (R7) 1.83 d 1/21/97 1 /23/97 1 /21 1/23 
····-·· 
1.83 d 1/23/97 1/27/97 11i3 23 Final correction (R1) ri'21 ...................... ·4:i37d .. 1 /27 /97 ! 1/31 /97 24 Prelim. appro.- client/agent 1/27 ' I~ , .. A 
25 CD for permit (R3,R4,R6) 3 d 2/5/97 2/10/97 2/5J 2/10 
' ··········-···· 26 Check coordination (R1) i 2.67 d 2/10/97 , 2/13/97 2/10 2/1 
27 Structura,I appro. (stamp) i 4.67 d 2/13/97 2/19/97 ~/13 ·i 2/19 
28 Permit approval ············ 1 s d ......... ...... ' 2/20/97 2/26/97 "J.) 2/26 2/20 . 
29 CD check/ parts no. (R1) I 1.83 d 2/27 /97 2/28/97 212t 2/2 
30 CIM Routing (R2) ! 1 d 2/28/97 : 3/3/97 :2128 _I_.,,., --
31 Final correction 1 cl ... 3/5/97 ' 3/6/97 3/5 3 6 
32 Transferring to Production 1 d 3/6/97 3/7/97 3/6 J. , .. 33 Schedule Contingency 3 d 3/10/97 3/12/97 
3, 10. 1o>/12 
.. 
Figure 13. Combined CPM Schedule of Commercial Construction Units - I & II (Process Unit 3) 
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Microsoft project™ software was used to create the schedule, since all the techniques 
and rules needed to create a CPM schedule are already present in the software. Following 
are steps followed while creating the CPM schedule: 
1. Actual expected times (TE) for each task was calculated using the formula: 
where, 
a+4m+b 
TE=--6--
a = optimistic time estimate of a task 
m = most likely time estimate of a task 
b = pessimistic time estimate of a task 
Optimistic time (a) of each task is the unbuffered time of each task used in 
the TOC schedule (Figure 12). Pessimistic time estimate (b) of each task is the 
time used in the combined detailed schedule (Figure 8). Most likely time (m) 
estimate of each task is obtained from interaction with project managers and work 
resources. All these times are tabulated in separate spreadsheets for CC Unit I 
and CC Unit II using Microsoft Excel™ Software. Expected times (TE) are 
calculated and entered in the two spreadsheets (see Table 1 and Table 2). 
2. Variance, uncertainty for the duration of each task in the combined detail 
schedule of CC Units I and II (separately) was calculated and entered in tables 1 
and 2 for later calculation of project contingency. Variance (based on 95% 
probability of completion) was calculated using the following formula: 
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3. Completed the schedule (initially) by entering the calculated values of expected 
times (TE) and by assigning the resources for each task using Microsoft Project™ 
software (see Figure 13). Critical Path was identified. Total duration of critical 
path was identified this time as 45 days starting from 1/6/97 and ending on 3/7 /97. 
4. Resources assigned to the schedule were leveled using the resource leveling 
function of the software. The purpose of resource leveling was to create an even 
distribution of the resource usage. 
·6. Calculation of desired project completion time (D): This step was required to 
determine when the project would actually be completed, based on 95% 
probability. Further this step provided data required for calculating and adding· 
project contingency to the critical path (see step 7). Desired project completion 
time for the combined detailed CPM schedule was calculated using the following 
formula: 
where, 
D=µ+(Jc1 xZ) 
µ=the critical time of the project, the sum of the TE's for tasks on the 
critical path 
Z = 1.645 (constant) value of the standard normal deviate associated with 
95% probability of completion (Mantel and Meredith, 1995) 
a; = sum of the variances of critical path 
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Calculation: 
D = 
= 47.24 days (means a 95% probability that the project will be 
completed in 4 7.24 days) 
7. Calculation of Schedule Contingency: Schedule contingency is an allowance built 
into the project to allow the project managers to have a reasonable chance of 
meeting the deadline (Meridith and Mantel, 1995). Project contingency is 
calculated using the following formula: 
Schedule Contingency= D - Total Duration of Critical Path 
= 47.24-45 = 2.74 days 
= 3 days (approx.) 
8. Built the contingency into the schedule (Figure 13) and reworked the critical path .. 
Critical path, starting from 1/6/97 and ending at 3/12/97 with duration of 48 days, 
was identified. 
Over the 50 day lead time prescribed by the company schedule, represented by the 
combined detailed schedule (Figure 8), the CPM schedule could only redu~e the overall lead 
time to 48 days (Figure 13), which means 4% of the lead time is reduced after applying CPM 
scheduling methods. Comparing this with the percentage of time reduced by the TOC 
scheduling method (26% ), there is a considerable difference of 22%. 
Evidently the findings indicate that the TOC scheduling method manages lead time 
considerably better than both a bar chart schedule and a bar chart schedule with CPM 
application. This finding represents the dynamic impact TOC can have on scheduling the 
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day-to-day activities of a project team. This outcome also helps the study to a considerable 
extent to generalize its findings in the following section. 
Summary 
This chapter explores the data analysis stage of the study. The study's ground in 
theoretical proposition helped in formulating an analytic strategy based on time-series 
analysis logic. Based on the theoretical proposition and the rival theoretical proposition 
created towards the beginning of the study, two patterns were created. The case was the 
design project development schedule of two commercial rollout units. In addition, the single 
case ( embedded) design was structured by embedding two process units, process unit 1 and 2 
as sub units of analysis. For the comparison, Pattern 1 (the case study), among the two 
patterns included the process unit 1, which is the bar chart schedule before applying the TOC 
scheduling technique and which was created to fit the theoretical proposition. Pattern 2 
(TOC comparison) included the process unit 2, which was the bar chart schedule after 
applying the TOC technique and which was created to suit the rival theoretical proposition. 
By comparing the final lead time of the two patterns using the time-series analysis logic the 
study reached the initial result. Later the findings of the time-series analysis were compared 
to a CPM schedule (Process Unit 3) to obtain the final result. 
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C}JAPTER 6. CONCLUSION 
The management theory, Theory of Constraints (TOC) claims that it can revolutionize 
the field of management while developing a common sense methodological approach to 
problems and improvements associated with global business. To strengthen this claim, the 
A vraham Y. Goldratt Institute, the institute that created TOC, has developed a series of 
application areas. One of those areas is project management. TOC invited attention from the 
project management community by indicating the need to attend a new type of constraints 
within the existing project management process, which have not been addressed before. It 
also indicates that project managers, due to mismanagement of safety time and by following 
wrong management assumptions, neither achieve a realistic lead time nor receive the actual 
profit. The Goldratt Institute believes that the problems of present day project management 
can be solved by the introduction and application of a scheduling method based on Theory of 
Constraints application. 
Several generalizations about the knowledge concerning the interior design project 
development scheduling are evolved by comparing the traditional scheduling method with 
the TOC scheduling method. First, TOC points out that a proper control mechanism for 
keeping the focus of project managers intact is absent in a traditional scheduling method (the 
case). Second, it draws attention to the wrong conventions that project managers use to add 
and manage the factor of safety in traditional project scheduling techniques. Third, it states 
that the major assumption, which is used to create the traditional scheduling techniques, the 
cost world assumption, is wrong. In addition, TOC states an alternative assumption, the 
throughput world assumption. 
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Thus, TOC raises major questions for interior design project managers and invites 
enough attention to prompt them to try its scheduling methods. The purpose of this study 
was to explore the Goldratt Institute's Theory of Constraints (TOC) project management 
application for an interior design development project using a qualitative research design 
comparing a case study to TOC. The study also focused on the differences emerging while 
concepts based on throughput world are introduced in to the field. This was not an 
intervention study. 
As a part of the qualitative research design the following general research question 
was identified: How by applying the TOC scheduling meth()ds, the interior design project 
development team can reduce the overall lead time of the project development of the 
commercial rollout units? Based on the general research question the following sub-
questions were identified: How Theory of Constraints (TOC) can affect a normal interior 
design project development scheduling? How TOC application can bring better time 
management to the existing pattern of the bar chart? How is the bar chart, which 
incorporates TOC application knowledge, different from the standard bar chart? How will 
the reorganized bar chart show a reduction in lead time compared to the bar chart before 
TOC application? How is the bar chart with the CPM network scheduling application 
different from the bar charts with and without TOC application knowledge? The framework 
of the study was based on the general research question and later this conclusion will address 
the research sub-questions. 
Based on the research questions previous studies were reviewed to create a theory 
base for the study. It included analysis of the key terms, concepts, and theory that applied to 
this study. First, the subject of design project scheduling and the different tools associated 
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with it were examined. Second, the study concentrated on examining the concept of Theory 
of Constraints and its project management application. Project management application of 
TOC supports the ''throughput world assumptions" (Goldratt 1997, p. 89) contrary to 
traditional "cost world assumptions" (Goldratt 1997, p. 88) while explaining the project 
delays and project measurements. Third, the study focussed on the method of creating the 
TOC project management schedule. The review of previous, studies also examined the 
advantages ofTOC project scheduling in detail. 
In the case study, the design project development schedule of two commercial rollout 
units, commercial construction unit I (CC UNIT-I) and commercial construction unit II (CC 
UNIT-II) is the unit of analysis or case. Single case ( embedded) design, chosen for this 
study, allowed multiple sub-unit of analysis (process unit 1, process unit 2 and process unit 
3) in one case study (Figure 2). 
After creating a theory base and research framework by choosing a qualitative 
research design to compare the case study and TOC, the study entered the stage of data 
collection and recording. To begin with, by keeping the case study procedure as a backdrop, 
two research propositions were created based on the general research question. These 
facilitated the technique of time-series in the data analysis step. The theoretical proposition 
(Figure 2) was: The project development team cannot reduce the overall lead time of the 
project just by applying Theory of Constraints. The first time-series pattern,. pattern 1 (refer 
to Chapter 3) was created based on this theoretical proposition and comprised of the process 
unit 1, interior project development schedule before applying the TOC scheduling technique 
with a resulting lead time A (Figure 2 and Figure 8). 
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The rival theoretical proposition was: If the TOC project scheduling techniques are 
applied to interior design project development scheduling, the project team can reduce the 
overall lead time of the project development phase. The second pattern, pattern 2 (refer to 
Chapter 3) was evolved out of this rival proposition and comprised of process unit 2, the 
interior project development schedule after applying the TOC project scheduling method, 
which has a resulting lead time B (Figures 2 and 9). The above two patterns were later 
analyzed in the data analysis stage of the study based on assumption of the time-series 
analysis to obtain the result. 
Preparation of data collection culminated in a pilot case study. This helped to clarify 
the required content of the data and the procedures necessary to define the structure of the 
above-discussed patterns, patterns 1 and pattern 2. A list of resources (Figure 10) and 
preliminary flow chart (Figure 11) were created based on the data generated through the pilot 
case study. In addition, the existing schedules of the roll out units (Figures 6 and 7) were 
acquired. 
A case study protocol was prepared based on the pilot case study. Case study 
protocol included an overview of the case study project, field procedures, and questions of 
the protocol. Case study protocol questions were framed based on the pilot study along with 
the related strategies and data/information sources. The data collected based on the case 
study protocol was evaluated to complement the respective case study patterns (Figure 2). 
In the data evaluation stage of the study, to fulfill the data analysis requirement of 
pattern 1 (the case), data created based on the related strategies of case study protocol 
questions were evaluated. This evaluated data was later used in the data analysis step of 
pattern 1 to create the combined detailed schedule (Figure 8). The data included existing 
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project development schedules of the commercial construction UI).its I and II (Figures 6 and 
7), preliminary flow chart (Figure 11 ), list of project development resources (Figure 10), 
information about the method to create the bar chart and the software to do the scheduling. 
To fulfill the data analysis requirement of pattern 2 (TOC comparison), data created 
based on the related strategies of case study protocol questions were evaluated. The analysis 
stage of the pattern 2 required the data needed to create the TOC schedule. TOC scheduling 
exercise required detailed information on the existing project development process and 
information on the methodology. By keeping this as a backdrop, all evidence collected were 
brought together and converged into a final detailed flow chart (Figure 12) of the project 
development process where all the project activities were indicated in detail. In addition, the 
evidence based on the case study protocol provided the methodology required to create the 
TOC schedule. 
The detailed flow chart formed an evidentiary base for pattern 2. This flow chart can 
also be considered, as the database required for the advancement of the study. By comparing 
the preliminary flow chart (see Figure 4) and the detailed flow chart (see Figure 8), one can 
identify that many issues pertaining to the particular project development process were 
missing from the preliminary flow chart and are present in the detailed fl.ow chart. Thus the 
detailed fl.ow chart indicates all the problem areas such as checking back with clients and a 
number of possible revisions and mistakes. Problem areas are referred to the areas where the 
project becomes late. 
The culmination of the evidence collection into this evaluation helped to create two 
patterns, pattern I and 2 in the data analysis step of the study. Pattern I is created based on 
the theoretical proposition (Figure 2) and consisted of process unit I, which is the detailed 
76 
combined schedule of the rollout units (Figure 8). Pattern 2 is created based on the rival 
theoretical proposition (Figure 2) and consisted of process unit 2, which is the TOC schedule 
of the rollout units (Figure 9). 
Later these patterns were matched in the data analysis step of the study to create the 
result with the assumption created based on the time-series analysis (see Figure 2). The 
assumption was, if lead time A is less than lead time B, the first theoretical proposition 
qualifies and if lead time A exceeds lead time B, the second or the rival proposition qualifies. 
By comparing final lead time outcome of both the schedules or patterns we can reach a 
conclusion that, since the lead time A is greater than lead time B, the data matches the rival 
theoretical proposition. Over the 50 day total lead time prescribed by the company schedule 
(represented by combined detailed schedule, Figure 8), the TOC schedule could reduce the 
overall lead time to 37 days (Figure 9), which means 26% of the lead time is reduced after 
applying Theory of Constraints scheduling methods. 
Results of the above findings were compared with CPM schedule (Process Unit 3) 
(Figure 13) created based on the data of Process Units 1 and 2. This comparison formed a 
verification step for the study and was also meant to strengthen the external and internal 
validity of the study. Compared to the TOC schedule the CPM schedule could only reduce 2 
days from the total 50 day time prescribed by the company. Which means, compared to the 
26% reduction in lead time attained by TOC schedule, CPM schedule could only attain 4% 
reduction. 
Clearly, the findings indicate that by applying TOC scheduling methods, the interior 
design project development team can reduce the overall lead time of the project development. 
This finding represents the dynamic impact TOC can have on scheduling day-to-day 
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activities of a design project team. This also shows the TOC scheduling method manages 
time considerably better than a normal bar chart schedule and a bar chart schedule with CPM 
application. 
TOC scheduling adopts best of both bar chart scheduling method and critical path 
scheduling method. Conceptually, TOC adopted the strength of bar chart scheduling for 
resource scheduling, visual format, and showing the activities in scale. In addition, it 
adopted the strength of the critical path scheduling in showing logical interdependencies and 
degree of criticality between tasks. Moreover, TOC scheduling also incorporates the 
principles ofTOC project management application. 
The lead time per the combined detailed schedule (50 days) was the time elapsed 
between the start date of the early starting project (CC UNIT-I, Figure 8) and the completion 
date the late finishing project (CC UNIT-II, Figure 8). In this schedule, the reduction in lead 
time was not possible to plan because the dependency in events and resources do not allow 
for flexibility. In TOC, the lead time is represented by the critical chain, which is the longest 
chain of dependent events. The critical chain begins on the start date of the project and ends 
on the start date of the project buffer (Figure 9). The project buffer represents the reduction 
in lead time from the combined detailed schedule. TOC scheduling allows this flexibility in 
reducing the lead time by properly managing the dependent events and resources ( see 
Chapters 2 and 5). 
Eventhough in the CPM schedule, task duration calculation is done based on detailed 
statistical study, there is no considerable gain in the duration of each task. Uncertainties still 
remain in each task. Whereas in the TOC schedule, tasks are laid out with unbuffered time 
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and the safety time (uncertainties) associated with entire tasks are moved to project buffer 
thus allowing a considerable reduction in lead time. 
Total safety time of the project is represented in TOC using the project buffer. This 
buffer calculated and inserted towards the due date of the TOC schedule serves many 
purposes. It represents the time saved, acts as a warning signal to keep the project managers' 
focus intact, and also represents the time needed to make up for the lost lead time. CPM 
schedules use project contingency in the place of project buffer ofTOC, but it does not 
represent the time saved. Project contingency is calculated based on the probability of 
project completion time and is built into the critical path. 
Feeding buffer is another unique advantage ofTOC schedule. This buffer protects 
the critical tasks from delays when non-critical path joins the critical path (critical chain). In 
the case of the CPM method, non-critical paths can delay the critical path. TOC also uses 
resource buffers as warning signals where the tasks need special attention. The CPM method 
does not seem to have such an option. 
The logical interdependencies embedded in the TOC schedule is much more 
devised and focused towards saving time of the overall project. If the TOC project 
scheduling wethod is applied to the existing project development process the project 
development team can have the following advantages: 
A Project buffer will represent the project progress at all times and hence will keep the 
development team alert and will keep them informed about the current standing of the 
project. 
In TOC scheduling, the tasks embedded in the general tasks are clearly and distinctively 
shown. Hence, all of the resources handling the tasks are aware of what they are doing 
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and when. This will reduce the complaints inside the development team regarding 
differences in the amount of work each person does while making the job of the project 
leader easier. 
A TOC development schedule clearly shows when to start and finish a project task and 
the "student syndrome" (Goldratt 1997, p. 124) vanishes. The schedule also deals with 
the behavioral aspect of project scheduling by trimming off the safety time. By doing 
this, team members get a feeling that there is enough time to finish a task. 
A TOC project development schedule clearly indicates when each person should handle 
each task. So a resource handling multiple tasks at a time is prevented from jumping 
from one task to another and hence avoids the phenomenon of"multi-tasking" (Goldratt 
1997, p. 125). 
A Resource buffer included in the TOC project schedule acts as an early warning system 
to avoid the possible problems in the critical chain. This will keep the development team 
focused since the critical chain determines profit. Moreover the critical chain will remind 
them constantly of the loss the company can incur due to a delay in the project. 
Considering the proactive approach of the TOC scheduling method, it can be concluded 
that the underlying assumptions of the method can bring the advantages of the TOC 
philosophy to the present day project development schedules by incorporating its "process of 
ongoing improvement" (Luebbe and Finch 1992, p. 1471). A TOC development schedule 
continuously shows whether the development process is making money for the company. 
This representation can influence other related departments of the company while 
encouraging them to adopt the revolutionary aspects of TOC, which is always concerned 
about the question: Is the system making money? 
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The emerging conclusion is that there is a need to reassess the assumption underlying 
the present day scheduling technique. The calculation of lead time using the TOC scheduling 
technique is efficient. TOC has a better solution to time management. 
This study has taken a step in the direction of defining the need to change the present 
day assumptions in managing a design project development timeline. It is possible of course 
that other companies in the design industry with different or complex project mechanisms 
may produce entirely different areas of inquiry. The approach outlined in this study could be 
replicated by other design project management teams, as well as occupational areas in light, 
medium, and heavy design projects in order to create a new paradigm shift. 
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.APPENDIX 
The Goldratt Institute owns the management technology used for creating the final schedule. 
All rights are reserved. 
For information about Theory of Constraints and Goldratt Institute contact: 
A vraham Y. Goldratt Institute 
442 Orange Street 
New Haven, CT 06511 
USA 
Phone: (203) 624-9026 
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